Glossary
Stock Return The stock return in this entry refers to the return on the portfolio of all stocks that are traded on the three largest equity markets in the US: the NYSE, NASDAQ, and AMEX.
The return is measured as the price of the stock at the end of the year plus the dividends received during the year divided by the price at the beginning of the year. The return of each stock is weighted by its market capitalization when forming the portfolio. The source for the data is CRSP.
Dividend-Price Ratio and Dividend Yield
The dividend-price ratio of a stock is the ratio of the dividends received during the year divided by the price of the stock at the end of the year. The dividend yield, instead, is the ratio of the dividends received during the year divided by the price of the stock at the beginning of the year. The stock return is the sum of the dividend yield and the capital gain yield, which measures the ratio of the end-of-year stock price to the beginning-of-year stock price Predictability A stock return r t+1 is said to be predictable by some variable x t if the expected return conditional on x t , E[r t+1 | x t ], is different from the unconditional expected return, E[r t+1 ]. No predictability means that the best predictor of tomorrow's return is the constant, unconditional average return, i.e., E[r t+1 | x t ] = E[r t+1 ]. When stock returns are unpredictable, stock prices are said to follow a random walk.
Market model The market model links the return on any asset i, r it to the return on the market portfolio (r t ). Under joint normality of returns, it holds: , see [12] . The typical assumption in the literature until the 1980s has been that E[r] is constant.
Definition of the Subject and Its Importance
The efficient market hypothesis, due to [21] , [22] , and [23] , states that financial markets are efficient with respect to a particular information set when prices aggregate all available information. Testing the efficient market hypothesis requires a "market model" which specifies how information is incorporated into asset prices. Efficiency of markets is then synonymous with the inability of investors to make economic, i.e., risk-adjusted, profits based on this information set ( [36] ). The question of market efficiency and return predictability is of tremendous importance for investors and academics alike. For investors, the presence of return predictability would lead to different optimal asset allocation rules. Failing to make portfolios conditional on this information may lead to substantial welfare losses. For academics, return predictability or the lack thereof has substantial implications for general equilibrium models that are able to accurately describe the risks and returns in financial markets.
Introduction
Until the 1980s, the standard market model assumed constant expected returns. The first empirical evidence, which showed evidence that returns were predictable to some extent, was therefore interpreted as a sign of market inefficiency ( [54] and [56] ). [25] proposed the alternative explanation of time-varying expected returns. This prompted the question of why aggregate stock market returns would be time varying in equilibrium. [23] provides a summary of this debate.
Recently developed general equilibrium models show that expected returns can indeed be time varying, even if markets are efficient. Time-variation in expected returns can result from timevarying risk aversion ( [11] ), long-run consumption risk ( [5] ), or time-variation in risk-sharing opportunities, captured by variation in housing collateral ( [44] ). Predictability of stock returns is now, by-and-large, interpreted as evidence of time-varying expected returns rather than market inefficiency.
Motivating Predictive Regressions
Define the gross return on an equity investment between period t and period t + 1 as
where P denotes the stock price and D denotes the dividend. [9] log-linearizes the definition of a return to obtain: r t+1 = k + ∆d t+1 + ρdp t+1 − dp t .
All lower-case letters denote variables in logs; d t stands for dividends, p t stands for the price, dp t ≡ d t − p t is the log dividend-price ratio, and r t stands for the return. The constants k and ρ = (1 + exp(dp))
are related to the long-run average log dividend-price ratio dp. By iterating forward on equation (2) and by imposing a transversality condition (i.e., we rule out rational bubbles), one obtains dp t = dp
Since this equation holds both ex-post and ex-ante, an expectation operator can be added on the right-hand side. This equation is one of the central tenets of the return predictability literature, the so-called Campbell and Shiller ([13] and [14] ) equation. It says that, as long as the expected returns and expected dividend growth are stationary, deviations of the dividend-price ratio (dp t ) from its long-term mean (dp) ought to forecast either future returns, or future dividend growth rates, or both.
This accounting identity has motivated some of the earliest empirical work in return predictability, which regressed returns on the lagged dividend-price ratio, as in equation (4): (r t+1 −r) = κ r (dp t − dp)
(dp t+1 − dp) = φ(dp t − dp) + τ dp t+1 ,
wherer is the long-run mean return and τ r is a mean-zero innovation. The logic of (3) suggests that the dividend-price ratio could predict future dividend growth rates instead of, or in addition to, future returns. Testing for dividend growth predictability would lead one to estimate equation (5) , where d denotes the long-run mean log dividend growth.
The empirical return predictability literature started out by estimating equation (4) with the dividend-price ratio on the right-hand side; see [53] , [24] , [13] , [17] , [29] , [34] , and [42] , among others. It found evidence for return predictability, i.e., κ r > 0. This finding was initially interpreted as evidence against the efficient market hypothesis.
Around the same time, [25] and [52] document a negative autocorrelation in long-horizon returns. Good past returns forecast bad future returns. [12] and [18] summarize the evidence based on long-horizon autocorrelations and variance ratios, and conclude that the statistical evidence in favor of mean reversion in long-horizon returns is weak, possibly due to small sample problems. This motivates [4] to use a large cross-section of countries and use a panel approach instead. They in turn document strong evidence in favor of mean-reversion of long-horizon returns with an estimated half-life of 3-3.5 years.
Second, other financial ratios, such as the earnings-price ratio or the book-to-market ratio, or macro-economic variables such as the consumption-wealth ratio, the labor income-to-consumption ratio, or the housing collateral ratio, as well as corporate decisions, and the cross-sectional price of risk have subsequently been shown to predict returns as well; see [38] , [3] , [39] , [45] , [43] , [50] , and [51] , among others.
Third, long-horizon returns are typically found to be more predictable than one-period ahead returns. The coefficient κ r (H) in the H-period regression H j=1 r t+j = κ r (H) dp t + τ r t,t+H (7) exceeds the coefficient κ r in the one-period regression. This finding is interpreted as evidence for the fact that the time-varying component in expected returns is quite persistent.
Fourth, these studies conclude that growth rates of fundamentals, such as dividends or earnings, are much less forecastable than returns using financial ratios. This suggests that most of the variation of financial ratios is due to variation in expected returns.
Fifth, predictability of stock returns does not only arise for the US. Studies by [26] , [10] , [33] , and [2] analyze a large cross-section of countries and find evidence in favor of predictability by financial ratios in some countries, even though the evidence is mixed. More robust results are documented for the predictive ability of term structure variables.
These conclusions regarding predictability of stock returns are controversial because the forecasting relationship of financial ratios and future stock returns exhibits three disconcerting statistical features. First, correct inference is problematic because financial ratios are extremely persistent. The empirical literature typically augments equation (4) with an auto-regressive specification for the predictor variable, as in equation (6), wheredp is the long-run mean of the dividend-price ratio.
The estimated autoregressive parameter φ is near unity and standard tests leave the possibility of a unit root open (i.e., φ = 1). [46] , [55] , [2] , [27] , and [58] conclude that the statistical evidence of forecastability is weaker once tests are adjusted for high persistence. [1] , [2] , [16] , [42] , [57] , and [20] derive asymptotic distributions for predictability coefficients under the assumption that the forecasting variable follows a local-to-unit root, yet stationary, process.
Second, financial ratios have poor out-of-sample forecasting power, as shown in [7] , [31] , and [32] , but see [35] and [15] for different interpretations of the out-of-sample tests and evidence.
Third, the forecasting relationship of returns and financial ratios exhibits significant instability over time. Figure 1 shows that in rolling 30-year regressions of annual log CRSP value-weighted returns on lagged log dividend-price ratios, the ordinary least squares (OLS) regression coefficient varies between zero and 0.5 and the associated R 2 ranges from close to zero to 30% depending on the subsample.
[60] and [49] report evidence in favor of breaks in the OLS coefficient in the forecasting regression of returns on the lagged dividend-price ratio, while [41] report evidence for structural shifts indp. [47] use Bayesian methods to estimate structural breaks in the equity premium. The figure plots estimation results for the equation r t+1 −r = κr(dpt − dp) + τ r t+1 . It shows the estimates for κr using 30-year rolling windows. The dashed line in the left panels denote the point estimate plus or minus one standard deviation. The standard errors are asymptotic. The parametersr and dp) are the sample means of log returns r and the log dividend-price ratio dp. The data are annual for 1927-2004. 1955 1960 1965 1970 1975 1980 1985 1990 1995 Empirical Evidence Revisited Table 1 reviews the empirical evidence using annual valueweighted CRSP log return, dividend growth, and dividend-price ratio data for 1927-2004. In Panel A, the system of equations (4) and (5) is estimated by GMM. The first row indicates that a higher dividend-price ratio leads to a higher return (κ r = .094 in Column 2) and a higher dividend growth rate (κ d = .005 in Column 1). The latter coefficient has the wrong sign, but the coefficient is statistically indistinguishable from zero. The asymptotic standard error on the estimate for κ r is .046. The corresponding asymptotic p-value is 3.6% so that κ r is statistically different from zero at conventional levels. In other words, the dividend-price ratio seems to predict stock returns, but not dividend growth. A similar result holds if returns in excess of a risk-free rate are used, or real returns instead of nominal returns.
[41] conduct an extensive Monte Carlo analysis to investigate the small-sample properties of estimates for κ r and κ d . Consistent with [55] , the estimate for κ r displays an upward small-sample bias. In addition, the standard error on κ r is understated by the asymptotic standard error. As a result, one can no longer reject the null hypothesis that κ r is zero. Based on this evidence, one is tempted to conclude that neither returns nor dividend growth are forecastable.
The second and third rows implement the suggestion of [41] to correct the long-run mean dividend-price ratio,dp, for structural breaks. The data strongly suggest either one break in 1991, or two breaks in 1954 and 1994 in favor of either no breaks or three breaks. This breakadjusted dividend-price ratio is less persistent and less volatile. Its lower persistence alleviates the econometric issues mentioned above.
The second row of Table 1 uses the one-break adjusted dividend-price ratio as a regressor in the return and dividend growth predictability equations. The evidence in favor of return predictability is substantially strengthened. The point estimate for κ r more than doubles to .235, and is highly significant. In the two-break case in the third row, the point estimate further doubles to 0.455.
The small-sample bias in κ r is negligible relative to the size of the coefficient. The R 2 of the return equation is 10% in the one-break case and even 23% in the two-break case. This compares to 3.8% in the no-break case. Furthermore, rolling regression estimates of κ r indicate that it is much more stable over time when the break-adjusted dp series is used as a regressor. The dividend growth coefficient κ d remains statistically indistinguishable from zero. This evidence strengthens the view that returns are predictable and dividend growth is not, and that these findings are not an artefact of statistical issues. The dividend-price ratio in rows 1 and 4 is the unadjusted one. In rows 2 and 5, the dividend-price ratio is adjusted for one break in 1991, and in rows 3 and 6, it is the series adjusted for two breaks in 1954 
Structural Model
What are researchers estimating when they run the return predictability regression (4)? How are the return and dividend growth predictability regressions in (4) and (5) related? To answer these important questions, we set up a simple structural model with time-varying expected returns and expected dividend growth rates. This structural model has the system of equations (4)- (6) as its reduced-form. The main purpose of this model is to show that (i) the dividend-price ratio is a contaminated predictor of returns and dividend growth rates, (ii) that the parameters in (4)- (6) have to satisfy a cross-equation restriction, which we call the present-value constraint, and (iii) this restriction enables decomposing the dividend-price ratio into expected returns and expected dividend growth. Similar models can be derived for financial ratios other than the dividend-price ratio (e.g., [61] ). [6] show how stock returns and book-to-market ratios are related in a general equilibrium model.
A Present-Value Model
We assume that expected dividend growth, z, and expected returns, x, follow an AR(1) process with autoregressive coefficient φ:
The model has three fundamental shocks: an innovation in unexpected dividends t+1 , an innovation in expected dividends ζ t+1 , and an innovation in expected returns ξ t+1 . We assume that all three errors are serially uncorrelated and have zero cross-covariance at all leads and lags: Cov( t+1 , ζ t+j ) = 0, ∀j = 1, Cov(ξ t+1 , ζ t+j ) = 0, ∀j = 1, and Cov( t+1 , ξ t+j ) = 0, ∀j, except for a contemporaneous correlation between expected return and expected dividend growth innovations Cov(ζ t , ξ t ) = χ, and a correlation between expected and unexpected dividend growth innovations Cov(ζ t , t ) = λ. We discuss innovations to unexpected returns η below.
In steady-state, the log dividend-price ratio is a function of the long-run mean return and dividend growth rate dp = log r−d 1+d
. The log dividend-price ratio in (3) can then be written as: dp t − dp
The dividend-price ratio is the difference of two AR(1) processes with the same root φ, which is again an AR(1) process. I.e., we recover equation (6) .
The return decomposition in [9] implies that the innovation to unexpected returns follows from the three fundamental shocks (i.e., combine (2) with (8)- (10)):
Since both ρ and φ are positive and ρφ < 1, a positive shock to expected returns leads, ceteris paribus, to a negative contemporaneous return. Likewise, a shock to expected or unexpected dividend growth induces a positive contemporaneous return.
Contaminated Predictor
The first main insight from the structural model is that the demeaned dividend-price ratio in (10) is an imperfect forecaster of both returns and dividend growth. Returns are predicted by x t (see equation (9)), but variation in the dividend-price ratio is not only due to variation in x, but also in expected dividend growth z t . The same argument applies to dividend growth which is predicted by z t (see equation 8) . This implies that the regressions in the reducedform model in (4) and (5) suffer from an errors-in-variables problem ( [24] , [37] , and [30] ).
To illustrate the bias, we can link the regression coefficients κ r and κ d explicitly to the underlying structural parameters:
Cov(r t+1 , dp t ) Var(dp t )
κ d = Cov(∆d t+1 , dp t ) Var(dp
If growth rates are constant, i.e., χ = 0 and σ ζ = 0, then the dividend-price ratio is a perfect predictor of returns and κ r = 1 − ρφ. In all other cases, there is a bias in the return predictability coefficient:
[24] argue that κ r is downward biased (κ r − κ r > 0). In fact, the structural parameters that are implied by the reduced-form model parameters indicate an upward bias. This occurs because the correlation between expected dividend growth and expected returns is sufficiently high.
A similar argument applies to κ d . [40] construct a variable based on the co-integrating relationship between consumption, dividends from asset wealth, and dividends from human wealth.
They show that this variable has strong predictive power for dividend growth, and they show that expected returns and expected growth rates are highly positively correlated. This implies that expected growth rates and expected returns have an offsetting effect on financial ratios, which makes it hard to reliably detect time-varying growth rates using such financial ratios.
Present-Value Constraint
The second main insight from the structural model is that there is a cross-equation restriction on the three innovations τ = (τ d , τ r , τ dp ) of the reduced-form model (4)- (6) . Expressed in terms of the structural parameters, these innovations are:
They imply the present value restriction:
Another way to write this restriction is as a restriction on a weighted sum of κ r and κ d : Any two equations from the system (4)- (6) implies the third. Evidence that dividend growth is not forecastable is evidence that returns are forecastable: if κ d = 0 in equation (18), then κ r > 0 because ρφ < 1. If estimating (5) uncovers that a high dividend-price ratio forecasts a higher future dividend growth (κ d > 0), as we showed it does, then this strengthens the evidence for return predictability. [19] makes an important and closely related point: That it is important to impose the present-value relationship when testing the null hypothesis of no return predictability. That null (κ r = 0) is truly a joint hypothesis, because it implies a negative coefficient in the dividend growth equation (κ d < 0). [19] , too, finds strong evidence for return predictability.
Returning to Panel A of Table 1 , Column 3 backs out the AR(1) coefficient φ from the estimated κ d and κ r , and from the present-value constraint (18).
1
In the first row, φ = .945, and is statistically undistinguishable from a unit root. This high persistence is a familiar result in the literature. The last column reports the left-hand side and the right-hand side of equation (18) for univariate OLS regressions of (4)- (6) . It shows the violation of the present-value constraint. In the first row, the violation is half as large as the actual point estimate κ r . The standard OLS point estimates do not satisfy the present-value constraint, which can lead to faulty inference.
However, when we use the break-adjusted dividend-price ratio series in rows 2 and 3, we find that (1) the persistence of the break-adjusted dp ratio is much lower than the unadjusted series (.81 and .69 versus .95), and (2) the present-value constraint is satisfied by the OLS coefficients.
A similar present-value constraint can be derived for long-horizon return and dividend growth 1 The linearization parameter ρ is tied to the average dividend-price ratio, and is held fixed at 0.9635. regressions:
Not only are the coefficients on the long-horizon return predictability regressions for all horizons linked to each other (see [8] ), all long-horizon regression coefficients in the return equations are also linked to those from the dividend growth equations. I.e., there is one present-value constraint for each horizon H. Imposing these restrictions in a joint estimation procedure improves efficiency.
Panel B of Table 1 shows the results from a joint estimation of 1-year, 3-year, and 5-year cumulative returns and dividend growth rates on the lagged dividend-price ratio. Because of the restrictions, there are only two parameters to be estimated from these six equations. The results are close to those from the one-year system in Panel A, confirming the main message of [8] . The main conclusion remains that returns are strongly predictable, and dividend growth rates are not.
Exploiting Correlation in Innovations
The present-value model implies a restriction on the innovations in returns and the dividend-price ratio (see equation 18) . A third main insight from the structural model is that this correlation contains useful information for estimating the structural parameters, and hence for how much return predictability and dividend growth predictability there truly is. [48] show that exploiting the correlation between expected and unexpected stock returns can lead to substantially more accurate estimates. The information in correlations is incorporated by specifying a prior belief about the correlation between expected and unexpected returns, and updating that prior in a Bayesian fashion using observed data. Their method ignores the presentvalue constraint. The structural parameters in Panel B of Table 1 , which impose the present-value constraint, imply that two-thirds of the variability in the price-dividend ratio is due to expected future returns and one-third is due to expected future dividend growth rates.
Likewise, [59] write down a model like (8)- (9) where expected returns and growth rates of dividends are auto-regressive, exploiting the present-value constraint. Because the price-dividend ratio is linear in expected returns x and expected dividend growth z (see equation (10)), its innovations in (17) can be attributed to either innovations in expected returns or expected growth rates. The present-value constraint enables one to disentangle the information in price-dividend ratios about both expected returns and growth rates, and therefore to undo the contamination coming from correlated innovations. With this decomposition in hand, it is then possible to recover the full time-series of expected returns, x, and expected growth rates, z. [59] show that the resulting processes are strong predictors of realized returns and realized dividend growth rates, respectively. This underscores the importance of specifying a present-value model to address return predictability.
Geometric or Arithmetic Returns
As a final comment, most predictive regressions are estimated using geometric, i.e. log returns, instead of arithmetic, i.e. simple returns. This choice is predominantly motivated by the [13] log-linearization discussed before. Since investors are ultimately interested in arithmetic instead of log returns, [59] specify a process for expected simple returns instead. This is made possible by applying the techniques of linearity-inducing models, recently introduced by [28] .
Future Directions
The efficient market hypothesis, which states that markets efficiently aggregate all information, was first interpreted to mean that returns are not predictable. Early evidence of predictability of stock returns by the lagged dividend-price ratio seemed to be evidence against the efficient market hypothesis. However, return predictability and efficient markets are not incompatible because return predictability arises naturally in a world with time-varying expected returns. In the last 15 years, the empirical literature has raised a set of statistical objections to return predictability findings. Meanwhile, the theoretical literature has progressed, seemingly independently, in its pursuit of new ways to build models with time-varying expected returns. Only very recently has it become clear that theory is necessary to understand the empirical facts.
In this entry, we have set up a simple present-value model with time-varying expected returns that generates the regression that is the focus of the empirical literature. The model also features time-varying expected dividend growth. It shows that the dividend-price ratio contains information about both expected returns and expected dividend growth. A regression of returns on the dividend-price ratio may therefore be a poor indicator of the true extent of return predictability.
At the same time, the present-value model provides a solution to this problem: It disentangles the two pieces of information in the price-dividend ratio. This allows us to interpret the standard predictability regressions in a meaningful way. Combining data with the present-value model, we conclude that there is strong evidence for return predictability. We interpret this as evidence for the presence of time-varying expected returns, not evidence against the efficient market hypothesis. The main challenge for the future is to better understand the underlying reasons for this time-variation.
